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SEDIMENT TRANSPORT BY IRRIGATION RETURN FLOWS IN
FOUR SMALL DRAINS WITHIN THE DID-18 DRAINAGE
OF THE SULPHUR CREEK BASIN, YAKIMA COUNTY,

WASHINGTON, APRIL 1979 TO OCTOBER 1981

By Phillip R. Boucher

ABSTRACT

Suspended sediment, water discharges, and water temperatures were 
monitored in four small drains in the DID-18 subbasin tributary to Sulphur Creek 
and to the Yakima River. The purpose was to provide a basis for evaluating the 
effectiveness of Best Management Practices in reducing sediment discharge from 
irrigated areas.

Sediment inflow for the 1979, 1980, and 1981 irrigation seasons was 298 tons, 
119 tons, and 88 tons, respectively. The average sediment concentration of inflow 
water was 99 mg/L (milligrams per liter) in 1979, 32 mg/L in 1980, and 24 mg/L in 
1981.

Sediment outflow minus inflow for the 1979, 1980, and 1981 irrigation seasons 
was 362 tons, 370 tons, 142 tons, and -19 tons in Drains 59.4, 59.6, 60.7, and 61.0, 
respectively; discharge-weighted mean sediment concentrations averaged 
2,460 mg/L, 440 mg/L, 290 mg/L, and 12 mg/L, respectively. The sediment yield 
for the same drains for the 1979 to 1981 irrigation seasons averaged 1.5 tons per 
acre, 1.0 ton per acre, 0.6 ton per acre, and -0.16 ton per acre, respectively. The 
sediment yield from the four drains combined during the three irrigation seasons 
was 0.89 ton per acre. Drain 61.0 yields less sediment than it receives in 
irrigation water and acts as a diluter of sediment concentrations.

Sediment discharges could not be correlated with changes in Best 
Management Practices because Imhoff Cone readings taken in the interior of the 
basins showed no statistical differences between irrigation seasons. However, 
Drain 61.0, which acted as a sink for sediment, contained more sprinkler-irrigated 
land and had a smaller proportion of row crops than the other three drains, even 
though soils and slopes were similar. Sediment yield usually related best to acres 
of row crops.

The only major storm (February 16-21, 1980) produced 11 to 51 percent of the 
sediment discharged during the study.

A sediment pond in Drain 60.7 had an average trap efficiency of 70 percent 
for the three irrigation seasons.



The regression relations between Imhoff Cone readings and 
suspended-sediment concentration for the outflow sites on Drains 60.7, 59.6, and 
59.4 had corresponding correlation coefficients of 0.90, 0.94, and 0.90, 
respectively, and standard errors of 1,070, 2,410, and 2,460 mg/L, respectively. 
Use of the Imhoff Cone/suspended-sediment relationship to estimate sediment 
discharge generally gives poor results.

A comparison of median water temperatures at the Roza Canal diversion and 
at the outflow sites indicated that water in Drains 61.0 and 59.6 was about 
1.5°C cooler, in Drain 60.7 about 0.5°C cooler, and in Drain 59.4 about 
1.5°C warmer, than water from the canal.



INTRODUCTION 

Background

In 1972, Congress passed Public Law 92-500 (sec. 28), the Federal Water 
Pollution Control Act Amendments of 1972. The act set water-quality goals and 
established provisions for controlling or eliminating water pollution, wherever 
attainable, by 1985. The Federal Clean Water Act (Public Law 95-273) of 1977 
amended the 1972 Act by declaring irrigation return flows to have a non-point 
source, and therefore not subject to the requirements of a discharge permit. 
Congress also prescribed goals and deadlines and the responsibilities of various 
government agencies. The U.S. Environmental Protection Agency (EPA) was 
designated as the Federal agency responsible for administering this law, but has 
reserved for the States the primary responsibility of administering the law. It is 
the States' responsibility to develop local solutions to local problems. Each State 
is required to submit a "Management Plan" as required in section 208, Public Law 
95-217 to EPA for approval.

The Washington State Department of Ecology (WDOE) has prepared their 
"Irrigated Agriculture Water Quality Management Plan," which involves the 
concept of a performance standard to identify "problem farmers" or problem 
areas. Once a performance standard has been established, a quick and inexpensive 
method is needed to monitor on-farm effects of remedies for water quality, 
particularly changes in suspended-sediment concentration.

The standards would be based subjectively on what the 208 Water Quality 
County Committees set for irrigated agriculture. The committees then would 
decide the acceptable level of sediment concentration in irrigation return flows.

Traditional methods of rigorous sampling in the stream and of quality 
laboratory analysis are the most accurate measure of sediment yield. However, 
traditional means of sediment-data collection, analysis, and reporting involved too 
much time and cost to be acceptable under the proposed monitoring and 
enforcement (or advisory) situation. Because of these restrictions, the WDOE is 
using the Imhoff Cone to collect suspended-sediment data. These sediment data 
are required for setting the initial performance standard and for evaluating the 
effectiveness of Best Management Practices (BMP) in reducing 
suspended-sediment load.

During the same time frame, the Soil Conservation Service (SCS) and EPA 
selected seven "Model Implementation Plan" (MIP) projects to demonstrate the 
effectiveness of institutional and administrative implementation of BMP. The 
MIP projects were funded by the EPA. One MIP project was selected for parts of 
the Sulphur Creek and Granger Drain basins; it was the only irrigated area chosen 
out of the seven MIP projects, and the only one chosen in the western United 
States.



Before setting the Imhoff Cone Standard, the 208 Water Quality County 
Committees requested that the WDOE collect data on individual farms throughout 
several irrigated areas in eastern Washington. Technical advice was provided by 
the WDOE multi-agency Irrigated Agriculture Technical Advisory Committee for 
Water Quality. Beginning with the meeting on October 1, 1974, the committee 
has addressed itself specifically to irrigated agriculture in the Yakima River 
basin. WDOE decided to test the sampling procedures using Imhoff Cone samples 
on a more detailed basin. Four small drainages in the DID-18 drainage of the 
Sulphur Creek basin were chosen for monitoring the results of implemented BMP's.

Purpose and Scope

The MIP monitoring study described in this report was coordinated by the 
WDOE Technical Advisory Committee on Irrigated Agriculture, which had 
coordinated some previous studies in the area. The MIP study included monitoring 
of irrigation return flows from individual farms by the WDOE. The U.S. 
Geological Survey's Water Resources Division, in cooperation with WDOE, was 
responsible for collecting water samples at inflow and outflow points and 
collecting streamflow data in order to evaluate sediment transport in four small 
subbasins in the Sulphur Creek basin for the period April 1979 to October 1981. 
The purpose of this study was to determine (1) the sediment mass balance, or 
sediment yields, and error analysis; (2) the probable factors affecting the 
difference in sediment yields; and (3) the relation between Imhoff Cone and 
standard suspended-sediment concentration at the four outflow points. This 
report describes the results of the study.



Previous Investigations

Sulphur Creek basin, including the DID-18 Drain and part of the Roza Canal 
drainage, was studied by Boucher and Fretwell (1981) during the 1976 irrigation 
and 1976-77 nonirrigation seasons. The project was discontinued because of two 
major deficiencies: (l) farmer participation was only moderately successful; and 
(2) the necessary sampling network was too complex and expensive because of 
trans-basin flows.

During the 1974 irrigation season Ct^M Hill (1975), a private consulting 
firm, conducted a study of irrigation return flows in the Yakima River that also 
included the Sulphur Creek basin.

Washington State University (WSU) conducted a program to monitor the 
quality of irrigation return flows at specific farm sites as part of the Sulphur 
Creek pilot project. The WSU program, under the direction of Dr. Larry King, 
began with the 1976 irrigation season. The data are on file at WSU's Department 
of Agricultural Engineering in Pullman, Wash, (written commun., 1982). Dr. King 
is studying the relationship of settleable solids obtained by the Imhoff Cone to 
suspended-sediment concentrations collected by standard methods; he is also 
studying soil types and their relationship to Imhoff Cone measurements.

Nelson (1979) studied suspended-sediment transport in irrigation return flows 
from several drains, including the Sulphur Creek Wasteway, in the Yakima River 
basin during the 1975 and 1976 irrigation seasons.

The U.S. Bureau of Reclamation (USBR) has also collected water-quality data 
in the Yakima River basin for many years, including data from various drains such 
as the Sulphur Creek Wasteway. These USBR data are on file at their project 
office in Yakima, Wash.

The soils in the study area have been described by the Soil Conservation 
Service in "Soil Surveys of Yakima County" (U.S. Soil Conservation Service, 1970).
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DESCRIPTION OF THE STUDY AREA

The study area is located east of Waste way No. 5, north of Van Belle Road, 
and west of Bethany Road (fig. 1). The sampling frequency and locations are 
listed in table 1 and locations are shown in figure 1. Data were collected 
primarily from four small drains (61.0, 60.7, 59.6, and 59.4) located in the DID-18, 
which lies above the Sunnyside Canal in the Sulphur Creek drainage. A 
description of the Sulphur Creek basin is found in Boucher and Fretwell (1982) and 
CH 2 M Hill (1975).

The study area is divided by the Roza Canal into the nonirrigated portion, 
north of the canal, and the irrigated portion, south of the canal. Two of the study 
drains, 60.7 and 61.0, extend north of the canal. The nonirrigated drainage areas 
(north) and irrigated drainage areas (south) are as follows:

Drain

61.0
60.7
59.6
59.4

North of
Roza Canal

(nonirrigated)
(mi2)

2.98
.51

0
0

South of
Roza Canal
(irrigated)

(mi2)

0.24
.42
.69
.40

South of Roza
Canal and north
of SLI Road
(irrigated)
(mi2)

0.12
.14
.45
.20

The irrigated drainage in the study area south of Roza Canal is divided by the 
east-west-trending SLI Road, which crosses all four drains about midway in their 
north-south course and acts as a barrier. Flows north and south of SH Road are 
connected by eight culverts under the road. The drainage areas for these sections 
are shown in the table above.

Streams in the study area south of the Roza Canal are perennial; prior to 
development of irrigation they were ephemeral. Even now, the extreme upper 
reaches of all drains in the irrigated portion and the nonirrigated upper reaches of 
Drains 61.0 and 60.7 are ephemeral. Seepage from the canals, laterals, and 
irrigation of farmed lands has augmented the irrigation return flows. The present 
drain courses reflect historical changes to allow for better use of the land. The 
drainages in some or the upper reaches have very flat banks even where they are 
being cultivated. Places in the lower reaches are deeply incised, but have fairly 
stable banks because of bushes and other plants growing along them. Aquatic 
growth is heavy in the main channels that remain undisturbed. Most channels are 
narrow, only 4-5 feet wide.
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Slopes in all four drain basins range from 2 to 4 percent with an average of 3 
percent. Slopes are steeper north of Roza Canal than those below the canal for 
Drains 60.7 and 62.0. The topography south of Roza Canal is similar in the four 
basins, with slightly less slope for Drain 59.4.

The topographic relief of Drains 59.4 and 59.6 is about 240 feet, with 170 
feet of relief north of SLI Road. The relief of Drains 60.7 and 61.0 below Roza 
Canal is about 225 and 240 feet, with 90 and 75 feet of relief between SLI Road 
and Roza Canal. For Drain 60.7 and 61.0 in the nonirrigated portion above Roza 
Canal the relief is about 470 and 1,360 feet. The upper reaches of Drain 61.0 
reach an altitude of 2,460 feet above sea level. Altitudes at the lower end of the 
drains range from 870 to 855 feet. The altitude along the Roza Canal is about 
1,110 feet.

The primary soils in the four basins are Burke loam and Sagemoor loam (very 
fine sandy loams) north of SLI Road and Sagemoor loam south of SLI Road (U.S. 
Soil Conservation Service, 1970). Minor soil types include the Esquatzel and 
Ritzville series. Because of the large percentage of very fine sand and silt and 
the moderate to steep slopes, erosion in the four drains is moderate to high. 
Drain 61.0 had slightly greater potential for erosion than the other three drains on 
the basis of soil types and slopes, and Drain 59.4 had slightly less potential. 
Drains 59.6 and 60.7 were about equal.

The climate is arid. Annual rainfall averages 6.8 inches at Sunnyside and 
ranges up to 15 inches in the Rattlesnake Hills to the northeast. Climatic data 
are from the U.S. National Oceanic and Atmospheric Administration (1979, 1980, 
and 1981). Most precipitation falls in the form of rain, but in the winter snow is 
common. The long-term precipitation and temperature averages and precipitation 
and monthly temperature averages during the study period for the weather station 
at Sunnyside are listed in table 2. Precipitation was about 116 percent of normal, 
and temperatures averaged about IOF (0.6<>C) warmer than the long-term 
average.

Land use in the study area is irrigated agricultural. The percentages of crops 
grown in each subbasin are listed in table 3. Areas used for asparagus, beans, 
corn, mint, and small grains are tilled each year. The area in these crops was 
about 19 percent for Drain 61.0, 43 percent for Drain 60.7, 61 percent for Drain 
59.6, and 89 percent for Drain 59.4. About 22 percent of Drain 61.0, 13 percent 
for Drain 60.7, 16 percent of Drain 59.6, and 7 percent of Drain 59.4 was in fallow.
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TABLE 3. Crops grown and drainage area data for Drains 61.0, 60.7, 59.6, and 59.4, 
in the DID 18 Drainage near Sunnyside, Wash., for the period 1979-81

Percentage of crops grown in given drains, 1979-81

Crop grown

Al f al fa

Asparagus

Beans

Corn

Fallow

Grapes

Mint

Orchard

Pasture

Small grain

Total

Drain 59

1979

4.9

4.1

14.9

23.8

6.6

ns

37.1

ns

ns

8.6

100

1980

4.9

5.0

10.5

37.1

6.6

ns

ns

ns

ns

35.9

100

.4

1981

ns

3.3

22.0

8.2

6.6

ns

5.2

3.5

ns

51.2

100

Drain 59

1979

4.8

3.3

11.6

5.6

15.8

8.9

22.1

ns

1.5

26.4

100

Drainage

1980

10.2

3.3

14.5

17.8

15.7

8.9

2.4

3.1

2.3

21.8

100

.6

1981

8.1

.6

15.0

8.9

15.7

13.2

1.0

5.9

1.5

30.1

100

1979

1.3

6.7

3.5

24.0

13.4

21.3

ns

11.7

2.5

15.6

100

Drain 60.7

1980 1981

0.6 0.6

6.7 6.7

3.5 ns

9.6 ns

12.6 12.6

21.3 24.1

ns 10.3

11.7 11.7

2.5 2.5

31 . 5 31 . 5

100 100

Drain 61.

1979

21.3

ns

ns

17.2

22.1

25.0

ns

5.5

7.1

1.8

100

1980

21.3

ns

ns

1.8

22.1

25.0

ns

5.5

7.1

17.2

100

0

1981

21.3

ns

ns

ns

22.1

21.6

5.3

8.9

7.1

13.7

100

area data (acres)

Total acres irrigated 

Noncropped

241.0 241.0 241.0 371.4 371.9 371.9 235.2 237.3 237.3 118.4 118.4 118.4

17.1 17.1 17.1 68.8 69.3 69.3 36.3 34.2 34.2 33.6 33.6 33.6

Total acres in drain 258.1 441.2 *271.5 *152.0

*Excluding dry land above Roza Canal crossing, 
ns  not significant
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METHODS OF DATA COLLECTION AND ANALYSIS 

Monitoring Methods

At the outflow points (sites 1, 2, 3, and 4; fig. 1, table 1) on each drain the 
Geological Survey established stream-gaging stations with artificial plywood 
controls and automatic water-level recorders to monitor the stage continuously. 
The procedure and methods of stream gaging and record computation are 
described in various Geological Survey reports and memoranda. The most 
common methods used in this study are outlined by Carter and Davidian (1968) and 
Buchanan and Somer (1969). Measurements of water flow into the project area 
were obtained from records provided by the Roza Irrigation District.

Automatic sediment samplers were installed at the outflow points from each 
drain (sites 1, 2, 3 and 4). The automatic sampler used was the Manning Model 
S4050 sampler, manufactured by the Manning Corp. a The samplers were 
programmed to sample on a 4-hour frequency. The six samples collected each day 
were then composited by equal volume. Collection of equal volumes was 
accomplished by adjusting the fill-sensor level in the automatic-sampler 
collection chamber. The orifice of the sampler was placed in a turbulent area 
below the gaging flume to dampen the effects of stream velocity and provide 
mixing. Several times throughout the irrigation season, calibration samples were 
taken at the artificial controls. The calibration samples were collected by using a 
US series DH-48 suspended-sediment sampler, and were used to correct those 
obtained by the automatic sampler. Because the nozzle of the DH-48 sampler 
reached all the way to the bottom of the artificial control, the samples represent 
the total sediment concentration and discharge. Manual sediment sampling 
technique by EWI method and the methods used by the U.S. Bureau of 
Reclamation Sediment Laboratory to determine the sediment concentration and 
particle size are described by Guy (1969) and Guy and Norman (1970).

To monitor sediment discharge entering the study area from the Roza Canal, 
a sampling station was established at the diversion located at mile 59.9 (site 7). 
Suspended-sediment samples were obtained about five times a week (table 13, end 
of report). To adjust the sediment concentrations at site 7 to reflect the 
concentrations at the several points of diversion from the Roza Canal, 20 periodic 
sediment-concentration samples were collected at sites 5, 6, 8, 9, and 10 (see fig. 
1), and these data were used to adjust the values obtained at site 7 (table 14, end 
of report). The adjustment factor averaged 0.97 for the 20 samples collected.

&The use of the brand name in this report is for identification purposes only 
and does not constitute endorsement by the U.S. Geological Survey.
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Because water-discharge data are also necessary to obtain the inflow 
sediment discharge, diversion records kept by the Roza Irrigation District were 
analyzed (tables 8a-d). Each diversion at the canal may supply water to more 
than one drain; therefore, the flow data had to be broken into segments to reflect 
water flow into each separate drain, and to determine what water flowed from 
the study area. To keep the calculations to a minimum, monthly summaries of 
water flow were multiplied by monthly mean adjusted sediment concentration for 
the diversion at site 7.

During the nonirrigation periods, when WDOE observers were not available, 
the automatic samplers were shut down except during periods when runoff from 
rain or snow melt was suspected. The samplers were susceptible to freezing 
because the shelters were not heated. Except for significant runoff periods, 
samples were taken about once monthly. Fortunately, only one significant period 
of runoff occurred during the nonirrigation period, and that was for the partially 
sampled period February 16 to 21, 1980.

Periodically, samples (table 12, end of report) were obtained at the culverts 
(sites 11-18) on SLI Road where the drains cross, using a DH-48 sampler. These 
samples were used to estimate sediment discharge north of SLI Road.

When sediment samples were obtained by hand, water temperatures were 
obtained. Tables 12, 13, and 14 list these data for the miscellaneous sites and 
diversion points on the canal. The temperatures for outflow points on the drains 
are listed as once-daily temperature in tables lla to lid (end of report).

Sediment samples were collected above and below a sediment pond located on 
Drain 60.7 (sites 19-22) about half a mile above the gaging station at site 20 to 
estimate the trap efficiency of the pond.

Runoff north of the Roza Canal only occurred during a storm during February 
1980, and was sampled at two sites (23 and 24). These samples, though sparse, 
were used to estimate the storm contribution of sediment above Roza Canal to 
Drains 60.7 and 61.0.

Water-temperature data (tables lla-d), which were obtained when the 
sampling sites were visited, were analyzed by harmonic analysis. The method was 
developed by Ward (1963) and refined by Collings (1969) and Steele (1974).

Irrigation seasons and nonirrigation seasons were determined by an analysis of 
the flow records for Roza Canal kept by the Roza Irrigation District. The time 
when water was being discharged from the canal was considered the irrigation 
season and the time when no water was being discharged was considered the 
nonirrigation season. The periods of irrigation and nonirrigation are listed as 
follows:

1979 irrigation season 
1979-80 nonirrigation season 
1980 irrigation season 
1980-81 nonirrigation season 
1981 irrigation season

Apr. 1 to Nov. 6
Nov. 6, 1979, to Apr. 4, 1980
Apr. 5 to Oct. 22
Oct. 23, 1980, to Mar. 27, 1981
Mar. 27, 1981, to Oct. 25, 1981

14



As stated on page 3, the Washington State Department of Ecology, with the 
aid and consultation of the Technical Advisory Committee on Irrigation, the 
Geological Survey, and Washington State University, has adopted the Imhoff Cone 
technique to monitor the sediment from irrigation fields and return flow in 
irrigation drains. The method has been used for years in sewage treatment plants 
to determine the settleable solids present, where the normal time allowed for the 
material to settle is 45 minutes. The time selected for monitoring irrigation 
water by the Imhoff Cone was 15 minutes.

The Imhoff Cone used by WDOE is plastic, cone-shaped, 40.8 cm high, 9.3 cm 
in diameter at the top, and holds 1 liter of liquid. The technique is to collect a 
depth-integrated sample of 1 liter in volume, pour it into the cone, and let the 
water-sediment mixture settle for 15 minutes. The cone is graduated in 
milliliters, and the amount of settleable material per 1-liter volume is read by 
holding the cone in an upright position and reading through the graduated 
transparent plastic. The results are reported as settleable solids in milliliters per 
liter per 15 minutes.

The use of Imhoff Cones to measure water quality in irrigation return flows 
was felt to have the following advantages:

1. The cones are inexpensive, and no laboratory analysis is required.

2. The procedure is simple and can be easily taught to farmers and 
laypersons. Farmers faced with meeting a performance standard can 
easily determine where they stand.

3. The procedure is fast. Samples can be measured within 15 minutes of 
collection, and no storage or transporation is required.

4. The parameter measured (for example, settleable solids) is easily 
understood and is assumed to be related to soil loss from the farm.
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Error Analysis

During several 24Hhour periods (diel studies) for each irrigation season, the 
outflow monitor stations on the drains (sites 1, 2, 3, and 4) and the daily-inflow 
station (site 7) on Roza Canal were sampled on a bi-hourly and hourly basis 
(tables lOa-d, end of report), and analyzed discretely. The samples were used to 
estimate the daily variation error at the monitor stations at sites 1, 2, 3, and 4 
introduced by compositing the automatic samples by equal volume, and the daily 
variation error caused by sampling site 7 only once per day.

The estimated error analysis for the daily values was arrived at by 
calculating the daily variability in the sediment discharge and combining that with 
other sources of uncertainty such as sampling error, laboratory error, and water 
discharge error using principles of propagation of uncertainty (Baird, 1962) into a 
single estimated confidence limit for the data. Confidence limits were discussed 
by Boucher and Fretwell(1982).

The estimated confidence limits of sediment yields and net outflows from a 
basin were obtained using standard statistical methods for determining the 
uncertainty of sums and differences. The concept of "Least Significant 
Difference" is described by Arkin and Colton (1970).

Standard statistical methods of analysis of co-variance and regression 
techniques are described in various statistical textbooks. The methods used for 
this report are described by Riggs (1968).
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SEDIMENT TRANSPORT 

Inflow

During the 1979 irrigation season, water in Roza Canal was shut off from 
September 8 to October 17, and turned back on again October 18 to November 6. 
The surface-water inflow to the study area during the 1979 irrigation season was 
about 80 percent of the average for the 1980 and 1981 irrigation seasons (table
4). A small but unknown ground-water pumpage affects inflow to the area.

The sediment inflow for the 1979 irrigation season was 298 tons, compared 
with only 119 tons for the 1980 and 88 tons for the 1981 irrigation seasons (table
5). The discharge-weighted-mean sediment concentration for inflowing water for 
the 1979 irrigation season was 88-120 mg/L, about three times that for the 1980 
irrigation season (31-33 mg/L), and about four times that for the 1981 irrigation 
season (23-24 mg/L). The discharge-weighted mean sediment concentration, C, is 
calculated by using the equation

C = seasonal sediment discharge

seasonal water discharge x 0.0027

where 0.0027 is a factor to convert to tons per day.

Data from the two sampling sites (23 and 24, fig. 1) above Roza Canal were 
used to calculate water-sediment inflow to Drains 60.7 and 61.0 from the 
nonirrigated areas above the Roza Canal. The two sites had flow only during the 
storm runoff, February 16-21, 1980. The inflow was estimated to be 60 tons; 57 tons 
was contributed to Drain 61.0 (site 24) and 3 tons to Drain 60.7 (site 23). There is no 
inflow from nonirrigated lands into Drains 59.6 and 59.4, because all the drainage of 
these two drains lies south of Roza Canal. Inflow from the nonirrigated area during 
the February 1980 storm into Drain 61.0 was about 3.5 times more than moved past 
the outlet monitoring station during the study. The inflow from the nonirrigated 
area to Drain 60.7 during the February 1980 storm period was estimated to be about 
0.4 percent of the sediment discharged past the outlet (site 2) during the study. The 
sediment inflows to the four drains, including that for the February 1980 storm, are 
listed in the following table.

61.0
Drain
60.7 59.6 59.4

Sediment inflow for the study 
(adapted from table 5), in tons

Discharge-weighted mean sediment concen 
tration, in milligrams per liter

Estimated sediment inflow, in tons, for 
February 1980 storm

120 139 181 125

90 49 45 55

57 300
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TABLE 4.--Water outflows and inflows in four subbasins of the DID-18 Drain

Irrigation season

Site 
No.

1

2

3

4

Site
No.

1

2

3

4

Selected site or 
inflow to drain

Drain 61.0 outflow

Drain 60.7 outflow

Drain 59.6 outflow

Drain 59.4 outflow

Drain 61.0 inflow

Drain 60.7 inflow

Drain 59.6 inflow

Drain 59.4 inflow

Selected site or 
inflow to Drain

Drain 61.0 outflow

Drain 60.7 outflow

Drain 59.6 outflow

Drain 59.4 outflow

Drain 61.0 inflow

Drain 60.7 inflow

Drain 59.6 inflow

Drain 59.4 inflow

ft3/s-days

83.03

211.02

314.7

60.43

130

320

450

260

ft3/s-days

*12.81

*161.84

. *229.67

*17.28

**5

**1

0

0

1979

acre-feet

165

418

624

120

270

630

890

510

Nonirrigation

1979-80

acre-feet

26

319

456

34

**10

**2

0

0

1980

ft3/s-days

55.68

236.88

419.4

47.71

170

370

590

300

season

acre-feet

110

470

832

95

330

740

1,170

590

1981

ft3/s-days acre-feet

81.42 161

282.96 561

361.98 718

67.29 133

190 380

410 820

500 1 ,000

320 650

1980-81

ft3/s-days

12.73

107.91

209.34

7.83

0

0

0

0

acre-feet

25

214

415

16

0

0

0

0

*Includes nonirrigation period September 8 to October 17.
**This is estimated inflow from the dryland portion above Roza Canal. 

The canal did not flow during the nonirrigation periods.
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Boucher and Fret well (1982) reported a discharge-weighted mean sediment 
concentration of 55 mg/L in the Roza Canal at DID-18 (site C) during the 1976 
irrigation season. The average concentrations of suspended sediment in the inflow 
water from Roza Canal were 99, 32, and 24 mg/L during the 1979, 1980, and 1981 
irrigation seasons.

Sediment concentrations increased in some streams in the Yakima River 
basin and other parts of east-central Washington due to the ash fall from the 
eruption of Mount St. Helens on May 18, 1980. Although samples at the diversion 
on Roza Canal at mile 59.9 (site 7) were not taken from May 17-21, sediment 
concentrations increased from 35 mg/L on May 16 to 69 and 83 mg/L on May 22 
and 23, respectively. The increase may have been due to ash in the canal water.

Outflow

Water outflow during the study was greatest for Drain 59.6 (table 4), which 
drains more irrigated area than any of the other three sites (table 3). Water 
outflow was least for Drain 59.4, except during the 1979-80 nonirrigation season 
when Drain 59.4 discharged 34 acre-ft and Drain 61.0, 26 acre-ft. Base flows 
tended to be somewhat greater during the 1979-80 nonirrigation season than 
during the 1980-81 nonirrigation season, even though the nonirrigation season of 
1979-80 was shorter than that of 1980-81. Figure 2 illustrates the monthly 
distribution of sediment discharge from the four drains during the study.

During the study, 16.6 tons of sediment was transported past site 1 on Drain 
61.0, of which 8.5 tons was transported during the runoff of February 16-21, 
1980. In other words, 51 percent of the 3-year sediment discharge of Drain 61.0 
was transported during this one storm. The following table lists the sediment 
discharge during the study and during the February 16-21, 1980, runoff and the 
discharge-weighted mean sediment concentration:

61.0
Drain
60.7 59.6 59.4

Outflow sediment discharge, in tons, 
during the study

February 1980 storm sediment discharge, 
in tons (percentage of the sediment 
transported during the study in 
parentheses)

Discharge-weighted mean sediment 
concentration during the study, 
in milligrams per liter

February 1980 storm discharge-weighted 
mean sediment concentration, 
in milligrams per liter

16.6 681 1,750 1,420

8.5 73.2 290 205 
(51) (11) (17) (14)

25 252 422 2,620

580 3,200 9,490 9,650
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FIGURE 2. Monthly sediment discharge for Drains 61.0, 60.7, 59.6, and 59.4, 
near Sunnyside, Wash., for the period April 1979 to October 1981.
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The importance of sampling storms during the nonirrigation season is 
illustrated in the above table. A large variation in sediment transport occurs in 
the four drains during any one storm. A large percentage of the annual sediment 
discharge may be transported during a single storm, as it was for Drain 61.0 in 
1980.

For Drain 59.4, discharge-weighted mean sediment concentrations for the 
three irrigation seasons varied by 1,910 mg/L. For the other three drains, 
discharge-weighted mean concentrations varied only 13 mg/L, 60 mg/L, and 40 
mg/L for Drains 61.0, 60.7, and 59.6, respectively. This indicates that sediment 
erosion in Drain 59.4 was more variable from year to year than in the other three 
drains.

Discharge-weighted mean sediment concentration during the study at the 
sampling site on Drain 61.0 was 105 times less than in Drain 59.4, 17 times less 
than in Drain 59.6, and 10 times less than in Drain 60.7. During the 1979-80 
nonirrigation season, the discharge-weighted mean concentration in Drain 61.0 
was still equal to or less than that in the other three drains, even though much 
more water flowed into this drain from above Roza Canal during the nonirrigation 
period.

Sediment Yields

To determine the sediment yield, a mass balance of the sediment loads was 
first determined from the equation

S = Lout - Ljn ,

where S is the change in sediment storage in the basin, Lou^ is the sediment 
flowing out of a basin, and Lin is the sediment flowing into a basin. Sediment 
yield is then defined as S divided by drainage area. In a report about water 
quality of the Bear Creek Basin, Jackson County, Oregon, Wittenberg and 
McKenzie (1980) stated, "The irrigation method and crop type generally will 
determine whether a farm plot acts as a concentrator or diluter of constituents in 
water or as a source or sink. Explanations of these terms are given below:

CONCENTRATION (weight/volume)

Outflow greater than inflow = Concentrator 
Outflow less than inflow = Diluter

LOAD (weight/time)

Outflow greater than inflow = Source 
Outflow less than inflow = Sink."
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From the above definitions, when S is positive the basin becomes a source for 
sediment, and when S is negative the basin becomes a sink for sediment. Figure 3 
shows the change in sediment storage, including the uncertainty, for the four 
drains and table 6 lists the sediment yields.

Drain 61.0 was a sink for sediment for all periods except the 1980-81 
nonirrigation season. An estimated 104 tons of sediment was deposited in the 61.0 
basin. The natural erosion potential for Drain 61.0 is as great as or greater than 
for the other drains on the basis of soil types and slopes. Therefore, factors such 
as cropping, water management, and depositional processes are assumed 
responsible for Drain 61.0 acting as a sink for sediment. Even during the runoff 
period of February 16-21, Drain 61.0 acted as a sink for sediment below Roza 
Canal, in that an estimated 57 tons was transported into the basin at Roza Canal 
crossing and only 9 tons was transported out of the basin. From this, about 
48 tons was deposited along the drainage way, to be available for transport at a 
later time. During the 1980-81 nonirrigation season, Drain 61.0 acted (barely) as 
a source of sediment, since 0.2 ton was transported out of the basin; yet this is to 
be expected, because no surface inflow (other than minor precipitation) occurred 
during this period.

Comparing the outflow discharge-weighted mean sediment concentrations 
from the three irrigation seasons shows that outflow sediment concentrations in 
Drain 61.0 were 3 to 5 times less than the inflow sediment concentrations. Drain 
61.0 acts as a diluter. In the other three drains, outflow sediment concentrations 
were 3 to 120 times greater than inflow concentrations; these drains act as 
concentrators.

Figure 3 shows the change in sediment storage as obtained by the mass 
balance equation. If the range in the least-significant difference overlaps, then 
there is not a statistically significant difference in the change in sediment storage 
from one year to the next. For example, the least-significant difference overlaps 
for Drain 59.6 for the 1980 and 1981 season; therefore, the difference there is not 
statistically significant.

There is a increasing trend in sediment coming out of storage in Drain 60.7, 
the loss has increased each irrigation season (101, 142, and 184 tons for the 1979, 
1980, and 1981 irrigation seasons, respectively). For Drain 59.6, the 1980 and 
1981 irrigation seasons were not significantly different, but both years had about 
65 percent greater yield than the 1979 irrigation season, differing by an average 
of 424 versus 273 tons coming out of storage.

The change in sediment storage from Drain 59.4 was not significantly 
different in the 1979 and 1981 irrigation season, averaging 466 tons. However, 
change in storage in the 1980 irrigation season, 154 tons, was significantly less (by 
about 3 times).
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TABLE 6.--Sediment yields for four drains in the DID-18 Drain

Subbasin

Drain 61.0

Drain 60.7

Drain 59.6

Drain 59.4

Total for
four basins

1979
irrigation

season

tons3
tons/acre^

-32
^OT7

101
U^T

273
"077?

449
1.9

791"TB7

1979-80
non irrigation

season

tons*
tons/acre^

c-48
-TCTl

099
OTT3

374TTO~

209
0.87

634-"75F

1980
irrigation

season

tons3
tons/acre^

-14
-0.12

142
7K5

432TT2-

154
0.64

714~77*

1980-81
nonirrigation

season

tons3
tons/acre^

0.2
0.002

16"O7

70
"OTT9

1
0.004

87~TU5~

1981
irrigation

season

tons3
tons/acre^

-10
-0.09

184
"D77B

415
T7T

484
2.0

1073~T7T

3Sediment outflow minus inflow.
bYield is equal to outflow minus inflow divided by irrigated acres.
cNet for irrigated portion.
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Sediment yield for the DID-18 Drain during the 1976 irrigation season 
(Boucher and Fretwell, 1982) was about 7.1 tons per acre. This is about 3.5 times 
greater than the yield for Drain 59.4, which was 2.0 tons per acre (table 6) during 
the 1981 irrigation season, the greatest yield determined for any of the drains 
during the 1979-81 period. Because DID-18 Drain was not sampled during the 
1979-80 irrigation season, there were no data to determine if the yield from the 
total DID-18 drainage would be lower than that reported during the 1976 
irrigation season. However, most of the difference in sediment discharge between 
the 1976 and 1981 irrigation seasons is due to the outflows of sediment from DID 
18 in the Sunnyside Canal during 1976. The sediment yields in tons per acre 
(Boucher and Fretwell, 1982) for the 1976 irrigation season for the six drains in 
the Sulphur Creek basin were as follows:

DID-3 and Washout Drain 1.9
DID-18 Drain 7.1
Black Canyon Creek 2.7
DID-9 Drain 0.5
Sulphur Creek Wasteway (entire basin) 1.9

Comparison of this table with the study-drain yields (shown as denomininators 
in table 6) showed that sediment yields were generally greater in the Sulphur Creek 
basin during the 1976 irrigation season than those reported for the 1979-81 irrigation 
season in Drains 60.7, 59.6, and 59.4. Yields in Drain 61.0, which acts as a sink for 
sediment, were considerably less.

The sediment concentration in DID-18 Drain at the outflow point (site B, fig. 1) 
was 1,200 mg/L for the 1976 irrigation season (Boucher and Fretwell, 1982) and 589 
mg/L for the 1974 irrigation season (C^M Hill, 1975), or a discharge of 11,000 
tons for 1976 and 5,430 tons for 1974. This indicates that sediment discharge can 
vary greatly between irrigation seasons, depending on amount of water applied 
(including precipitation), type of crops grown, slope of the land, and management 
practices.

A study of the periodic data (table 12) collected from sites 11 to 18 (fig. 1), 
where the drainages are cut into by SLI Road, indicates that sediment yields in the 
area north of SLI Road ranged from 50 to 200 percent of sediment yields for the 
entire drainage basins above the outflow sites. However, there is a wide variance in 
the sediment discharge, and good estimates could not be made.

26



The eruption of Mount St. Helens on May 187 1980, created a large ash fall in 
portions of eastern Washington. The effect was noticeable in samples taken at a 
project in the Royal Slope area in DW272A Drain near Royal City, about 43 miles 
to the northeast of the study area, where the ashfall was about 20 millimeters 
(Sarna-Wojcicki and others, 1981). Sediment concentration increased from 
294 mg/L to 8,020 mg/L in Drain DW272A near Royal Camp, and from 179 to 
5,980 mg/L for DW272A1, a tributary drain near Royal Camp (Boucher and 
O'Neil, written commun., 1982). The ashfall in the DID-18 basin study area was 
about 1 millimeter in depth, and the effect on sediment discharge from the 
ashfall was minimal. The 4-hour samples collected by the automatic samplers 
were analyzed separately; only Drain 61.0 indicated any discernible increase (an 
increase of 17 mg/L in 4 hours) in sediment concentration (see table lOa at the 
end of report). Most diel samples taken on Drain 61.0 do not show this large an 
increase in the 2-hour and 1-hour samples, so it is possible that the increase could 
be attributed to ashfall. Detection of sediment increases caused by ashfall were 
not discernible in the other drains because of the masking effects of irrigation 
return flow.

Factors Affecting Sediment Yields 

Irrigation and Land Use

The amount of sediment transported by surface irrigation fop certain types of 
crops is affected by many variables, such as soil types, land slopes, irrigation 
management practices, and types of irrigation (surface versus sprinkler). A 
detailed study of the methods used to irrigate the various crops was beyond the 
scope of this project. However, WDOE has studied in detail the irrigation 
methods and Best Management Practices (BMP) in the four drains. According to 
Joan Thomas (WDOE, written commun., 1982) there were no statistical 
differences between the Imhoff Cone readings (to be discussed later) for the three 
irrigation seasons. Therefore, by agreement with the WDOE, the Geological 
Survey did not make a detailed analysis of the relation of BMP to sediment 
transport in the four basins, the third objective of the study.

Although no conclusion was made about the impact of BMP on sediment 
transport, it is noted that basins with the greatest percentage of row crops 
(asparagus, beans, corn, mint, and small grains) have the greatest sediment 
yields. A study of the types of crops grown indicates that sediment discharge 
tends, as a rule, to increase when crops types conducive to erosion are grown. 
Drains 59.4, 59.6, and 60.7 have a higher proportion of row crops, which are 
conducive to erosion, than does Drain 61.0. Boucher and Fretwell (1982) noted 
that sediment yields relate best to land slopes and, to some degree, to land in 
orchards. However, land slopes in the drains of this study are somewhat similar 
and the area in orchards is fairly small (table 3).
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Management practices in Drain 61.0 were implemented prior to this study and 
appear to be different. Over 50 percent of Drain 61.0 area is either in fallow, 
alfalfa, or pasture. Wittenberg and McKenzie (1980) found that pastures in the 
Bear Creek Basin, Oregon, tended to trap moving sediment and thus act as sinks 
for sediment. Irrigation of alfalfa results in much the same sediment-trapping 
characteristics as irrigation of pasture.

One other reason why Drain 61.0 acts as a sink for sediment may be that 
after sediment is transported from the farm field it is deposited along the stream 
channel to be transported out of the basin at a later time. Data obtained during 
the highest runoff period in February 1980 indicated that more sediment was 
transported into the irrigated portion of the basin below Roza Canal than moved 
out (an estimated 48 tons, see pages 19 and 20). This material was probably 
deposited along the stream channel. Thus, the sediment delivery ratio (sediment 
eroded from farm fields divided by sediment transported past a given point) in 
Drain 61.0 is much lower than in the other drains.

Data supplied by the Soil Conservation Service (written commun., 1982) 
indicates a higher proportion (at least 60 percent) of sprinkler irrigation in Drain 
61.0 than in the other three drains. Sprinkler irrigation is generally regarded as 
least likely to cause erosion. The use of sprinklers in combination with good 
management practices (resulting in less direct runoff) may be one more reason for 
the drain to act as a sink for sediment. However, the way sprinklers are managed 
is very important. Above SLI Road on Drain 59.4 there is a pivot sprinkler that 
covers about 68 acres, or about 50 percent of the area. Much of the erosion above 
SLI Road in Drain 59.4 came from the sprinkler-irrigated area. If not managed 
properly, wastewater from sprinkler systems may cause as much or more erosion 
than surface irrigation.

Data supplied by Cliff Eckhardt, MIP Project Manager (written commun., 
1982), indicates very little change in BMP throughout the three irrigation 
seasons. A small increase in the use of sprinklers was introduced in the Drain 61.0 
basin (about 25 acres), but other than this, very little change was made in 
sprinkler systems during the 1979 and 1981 irrigation seasons. Some sprinkling, 
mostly in Drain 60.7, was accomplished by pumping water directly out of the 
drains rather than using Roza Canal water, but the total amount of irrigated 
acreage, both surface and sprinkling, probably remained about the same during the 
3-year study.
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Sediment Pond Efficiency

Sediment ponds, recognized as one of the most successful ways to reduce 
sediment inflow to receiving waterways, collect runoff from farmed fields and 
drains. If a pond is designed properly, the sands and larger silt particles tend to 
settle out, leaving only the finer sediment particles to be transported 
downstream. The ratio of the sediment outflow (discharge) from the ponds 
divided by the sediment inflow, times 100, is defined as the "trap efficiency," in 
percent.

There are several small sediment ponds in the study area, mostly above SLI 
Road in basins 59.6 and 60.7. Clean-out data on sediment ponds during the study 
period are not available. However, one large pond was sampled periodically at 
sites 19-22 (fig. 1) about 1/2 mile above the sampling station on Drain 60.7 and 
below SLI Road. The trap efficiency of this sediment pond is plotted in figure 4, 
and the sediment data are listed in table 12. The sediment concentrations of 
inflow sediment concentrations include some estimates to account for more than 
one source of water. Some water from site 20 tends to dilute the water entering 
the pond from site 19. Water flowing from site 20 came from an underground 
drain, which at times probably has some irrigation return flow fed directly into 
it. This effect is estimated for times when site 20 was not sampled.

The estimated average pond efficiency was 70 percent for the three 
irrigation seasons. The greatest efficiency during the irrigation season is about 
June to August (fig. 4). Trap efficiency tends to drop when sediment 
concentrations are lowest. However, the efficiency during the February 1980 
storm was estimated to be 15 percent, a time when sediment concentrations were 
high. Most of the decrease in efficiency may be due to a decrease in retention 
time, caused by an increase in water discharge and silt and clay, and no storage. 
The pond was full of sediment by the end of the 1979 irrigation season. (The pond 
was cleaned prior to the 1980 irrigation season.)

The monthly hydrographs for all four drains (fig. 2) are similar; the 
hydrograph for Drain 60.7 does not reflect any major differences attributable to 
sediment pond efficiency. The trap efficiency may not be great enough to affect 
the overall sediment distribution, and sediment contribution coming in below the 
pond may also tend to mask out the impact of this sediment pond. If the pond 
were not there, then the sediment discharge of Drain 60.7 at site 2 would probably 
be greater, but by how much is not known.
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Size Analysis

Twenty-eight sediment samples were collected in the four study drains for 
analysis of particle size   one from Drain 61.0, on February 20, 1980; four for 
Drain 60.7, from February 1980 to June 1981; eight for Drain 59.6, from June 1979 
to July 1981; and 15 for Drain 59.4, from June 1979 to July 1981 (tables 9a~3 end 
of report). Samples from Drains 59.6 and 59.4 were about 75 percent silt, 20 
percent clay, and 5 percent sand. Four samples from Drain 60.7 and one from 
Drain 61.0 were 50 percent clay, 45 percent silt, and 5 percent sand. Generally, 
Drains 59.6 and 59.4 had a preponderance of silt.

The sample from Drain 61.0, collected on February 20, 1980, had a sediment 
concentration of 1,000 mg/L, an instantaneous sediment discharge of 6.2 
tons/day. It was taken during the period of heaviest sediment transport in the 
drain. Because the sediment discharge from Drain 61.0 during the study was only 
16.6 tons, the one sample is fairly representative of the particle size during the 
study. This sample, 50 percent clay, contrasts with samples taken in the other 
three drains for the same runoff period: 25, 16, and 41 percent clay in Drains 59.4, 
59.6, and 60.7, respectively.

The particle size of the fluvial sediments reflects the loam and very fine 
sandy loam soils. Sand does not appear in large amounts in the soils, and 
therefore is not available in large amounts for transport by water.
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ANALYSIS OF IMHOFF CONE DATA

One purpose of this report is to discuss the relation between Imhoff Cone 
measurements and suspended sediment at the four daily-sampling sites (sites 1-4). 
Washington State University, Department of Agricultural Engineering, under the 
direction of Dr. Larry King, has taken the lead in relating Imhoff Cone 
measurements to suspended sediment, and those results to soil type. Preliminary 
data analyzed by Dr. King (written commun., 1982) indicate that the finer the soil 
particles, the poorer the correlation between Imhoff Cone (settleable solids) and 
suspended sediment (total solids). For example, Dr. King found that the 
correlation coefficient ranged from 0.97 for a sandy loam soil to 0.3 for a clay 
loam soil. Perhaps a longer settling time would result in a better correlation 
coefficient for clay-type soils.

There are problems in obtaining Imhoff Cone readings because of the 
subjective method used to determine the top level of settleable solids. 
Experience has shown that the solids settle out in the cone so the top layer is not 
always level, or normal with the cone axis. The sloping surface causes subjective 
interpretation that becomes increasingly significant with smaller total amounts of 
settleable solids. More accurate readings are obtained with larger amounts of 
settleable material.

Imhoff Cone analyses of samples from the four drains are listed in table 10 at 
the end of this report. Few samples were collected from Drain 61.0 because of 
the low sediment concentrations at this site. Also many Imhoff Cone samples 
were collected at all sites when no visible amount of settleable solids was 
observed, and these data are listed in table 10 as less than 0.1 ml/L. When the 
amount of settleable solids was below 0.2 or 0.01 ml/L, the readings were 
removed from data analysis because of the reason stated above.

Figures 5-8 show the plots of suspended sediment versus Imhoff Cone 
readings for each of the drain sites. No regression analysis was obtained for 
Drain 61.0 for the reasons stated above, but the data exceeding 0.01 ml/L are 
plotted in figure 5.

The coefficient of determination, r 2 (correlation coefficient squared), is a 
relative measure of the accuracy of fit of the equation to the data, and is also a 
measure of the relative amount that the independent variable explains the 
regression population. The r 2 value for Drains 60.7 and 59.4 was 0.81, and for 
Drain 59.6 was 0.88.

The standard error of the dependent variable (sediment concentration), 
another measure of the fit of the equation to the data, was quite high; for 
example, 1,070 mg/L for Drain 60.7, 2,410 mg/L for Drain 59.6, and 2,460 mg/L 
for Drain 59.4. The closest dashed line on figures 5-8 is the 95-percent 
confidence band about the mean of the regression on the dependent variable, 
suspended-sediment concentration. The outer dashed lines are the 95-percent 
confidence bands of the individual value predictions.
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The Imhoff Cone method of determining sediment transport and sediment 
yield for the sites studied could result in a large error. If the method were used 
for comparison of sediment transport between drainages, mean sediment 
concentrations would have to differ by several fold before a statistical difference 
could be established.

An analysis of covariance for the regressions for Drain 60.7, 59.6, and 59.4 
indicated no statistical difference between regressions at the 95-percent 
confidence level for Drains 59.6 and 60.7 and Drains 59.4 and 60.7, but showed a 
difference between the regressions for Drains 59.6 and 59.4.
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WATER TEMPERATURES

Water temperatures were measured periodically in the drains and at the 
inflow daily station (site 7) to determine general temporal distributions and to 
provide an indication of the temperature differences between delivered water and 
the irrigation flows in the drains. Water temperatures were taken much less 
frequently during the nonirrigation periods than during the irrigation periods. 
Therefore, although the nonirrigation periodic data were used to help analyze the 
irrigation period by harmonic analysis, no median temperatures were computed 
for the nonirrigation season. Water temperatures were generally taken between 
10:00 a.m. and 2:00 p.m. at all sites.

Water temperatures taken at the diversion on Roza Canal at mile 59.9 (site 7) 
were used to define temperatures for inflowing water. The 1979 irrigation season 
was divided into two periods, April 1 to September 7 and October 18 to November 
6, because there was no flow in the canal from September 8 to October 17. No 
water temperatures were taken from October 18 to November 6, hence, seasonal 
temperatures for the 1979 irrigation season at site 7 can only be compared for 
April through August.

According to table 7, which summarizes the monthly mean temperatures 
generated by harmonic analysis, water temperatures at the diversion point on 
Roza Canal were warmer than those at the drain sites, with the exception of 
Drain 59.4, where the canal delivery water was cooler. In comparison with the 
canal diversion water, temperatures in Drain 61.0 and 59.6 averaged about 
1.5°C cooler, Drain 60.7 about 0.5°C cooler, and Drain 59.4 about 1.5°C 
warmer.

Drain 61.0 had less flow than Drain 60.7 and Drain 59.6, yet water was about 
1°C cooler than in Drain 60.7 and about 0.1°C cooler than in Drain 59.6. 
Drain 61.0 contains less sediment than the other drains, indicating that it probably 
receives less runoff from fields in comparison with "input" from ground water. 
Since one would expect ground-water seepage to be cooler than runoff from 
fields, this may account for the cooler temperature in Drain 61.0. Drain 59.4 is 
much warmer than the other drains because it receives runoff from fields in 
greater proportion to flows from ground water.

Water temperatures in the drains are generally warmer in June and July than 
the other months. Water temperatures at the 59.9 Roza Canal diversion are 
warmest during July and August.
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TABLE 7. Median of mean water temperatures at five sites in the DID-18 basin 
of the Sulphur Creek basin for the 1979, 1980, and 1981 irrigation seasons, 
by harmonic analysis (confidence interval is at the 90-percent level)

Site Location

1 Drain 61 .0 below
drain 61 .4

2 Drain 60.7

3 Drain 59.6 below
Drain 60.0

4 Drain 59.4 above
Drain 59.6

7 Roza Canal at
mile 59.9

Irriga 
tion 
season

1979
1980
1981

1979
1980
1981

1979
1980
1981

1979
1980
1981

1979
1980
1981

Median monthly

Apr.

12.6
13.6
12.2

14.3
14.3
13.4

13.2
13.6
13.2

16.1
15.8
15.2

12.4
11.1
10.1

May

15.2
14.9
14.5

15.7
15.6
15.3

15.5
14.9
15.0

18.8
17.5
18.5

14.7
14.3
14.2

June

16.8
15.5
16.1

16.7
16.3
16.7

16.9
15.6
16.1

20.1
18.1
20.5

17.4
17.0
17.4

temperature

July

17.0
15.2
16.7

17.0
16.3
17.1

17.0
15.3
16.2

19.6
17.4
20.7

19.8
18.3
18.9

Aug.

15.7
14.2
16.0

16.6
15.6
16.5

15.8
14.3
15.2

17.5
15.6
18.9

21.2
17.9
18.2

(OC)

Sept.

13.3
12.7
14.2

15.5
14.4
15.1

13.6
12.8
13.5

14.4
13.1
15.7

*
15.8
15.6

Oct.

10.5
11.1
11.9

14.0
13.0
13.1

11.0
11.1
11.4

11.1
10.7
11.9

*
13.2
12.6

Mean irriga 
tion season 
temperature 

(OC)

14.
14.
14.

15.
15.
15.

14.
14.
14.

16.
15.
17.

**17.
15.
15.

3+0
OT
6±

6+
2+
4T

6+
1 +
5±

6+
8+
6±

2+
6+
4+

.5

.3
,5

.3

.2

.4

.4

.3

.3

.6

.5

.5

.3

.2

.3

* No flow September 8 to October 17.
** Mean for the period April 1 to August 31.
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A site sampled by Boucher and Fretwell (1982) during the 1976 irrigation 
season (site C, Roza Canal below Wasteway No. 5, fig. 1) had water temperatures 
much cooler than those observed during the present study at the diversion at 59.9 
(1/2 mile downstream of the 1976 site). The median water temperature at the site 
for the 1976 irrigation season was 14.4°C; the median temperatures for the 
1980 and 1981 irrigation seasons, at the diversion at mile 59.9, were 15.6OC and 
15.4°C, respectively. One explanation for this is that in 1976 temperatures 
were measured at midstream, while in 1980 and 1981 at diversion 59.9 they were 
taken next to the canal bank, where slower velocities and shallower depths result 
in warmer water.

The median water temperatures at Roza Canal below Wasteway No. 5 (site 
C), for the 1976 irrigation season were as follows:

1976 irrigation season 
Apr. May June July Aug. Sept. Oct. Mean

TempOC 9.0 12.7 15.5 17.4 17.5 15.8 12.8 14.4
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SUMMARY

Sediment discharges from the four study basins could not be correlated with 
changes in Best Management Practices for two reasons: (1) the Washington State 
Department of Ecology found no statistical difference in the Imhoff Cone 
readings and comparison of irrigation methods and Best Management Practices for 
the three irrigation seasons, and (2) changes in Best Management Practices were 
not implemented on a large enough scale to be detected at the main drain 
sampling stations.

The potential for erosion in the four basins is similar, but Drain 59.4 (site 4) 
had the highest average sediment yield for the three irrigation seasons 1.5 
tons/acre, as compared to 1.0 ton/acre for Drain 59.6, 0.6 ton/acre for Drain 60.7, 
and -0.16 ton/acre for Drain 61.0. As the percentage of row crops increased, the 
sediment yields tended to become greater, but a cause-effect relationship has not 
been established. Discharge-weighted mean suspended-sediment concentration 
during the three irrigation seasons was also much higher in Drain 59.4, averaging 
2,460 mg/L, as compared with 440 mg/L for Drain 59.6, 290 mg/L for Drain 60.7, 
and 12 mg/L for Drain 61.0.

Sediment yield increased significantly for Drain 60.7 from the 1979 irrigation 
season to the 1981 irrigation season. For Drain 59.6, the 1980 and 1981 sediment 
yields were significantly greater than the 1979 sediment yield. For Drain 59.4, 
the 1979 and 1981 sediment yields were not significantly different, but yields for 
both years were significantly greater than for 1980, averaging 2.0 tons/acre 
compared with 0.64 ton/acre for 1980.

Drain 61.0 acts as a sink for sediment, even though slopes there are similar to 
or even slightly greater (2-3 percent) than in the other drains. A difference in 
management practices in Drain 61.0 is assumed to be the cause. Drain 61.0 also 
had a high proportion of sprinklers. Even during the February 1980 storm, Drain 
61.0 acted as a sink for sediment: 48 tons, or 3.5 times more sediment, flowed in 
from the portion of the drainage north of Roza Canal than was transported out of 
the basin at the monitoring point. This indicates deposition along the drainage 
way that could be available for transport at a later time.

The one storm, February 16-20, 1980, contributed 51 percent of the sediment 
discharge from Drain 61.0, 11 percent from Drain 60.7, 17 percent from Drain 
59.6, and 14 percent from Drain 59.4. This illustrates the importance of sampling 
during storms and during the nonirrigation season to obtain the annual sediment 
discharge. A sediment pond half a mile above the sampling site for Drain 60.7 
probably had some effect in reducing the sediment transport from this basin, since 
the pond trapped some sediment. The trap efficiency averaged about 70 percent 
in runoff periods during the three irrigation seasons. The pond was only about 
15 percent efficient during the one storm runoff period in February 1980. The 
effect of other sediment ponds in the project area was not studied.
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There was little or no impact from ashfall from the eruption of Mount St. 
Helens on May 18, 1980. Only assumed minor increases in sediment 
concentrations occurred at the inflow monitoring point and the outflow point on 
Drain 61.0.

Size analysis of sediments shows a preponderance of silts and clays indicative 
of the silt-loam soils in the basin.

Comparison of Imhoff Cone data with suspended-sediment data resulted in 
correlation coefficients for Drains 60.7, 59.6, and 59.4 (sites 2, 3, and 4) of 0.90, 
0.94, and 0.90, respectively. However, the standard error in sediment 
concentration for these drains was 1,070, 2,410, and 2,460 mg/L, respectively. An 
analysis of covariance indicates that at the 95-percent confidence level there was 
no statistical difference in the regressions between Drains 59.6 and 60.7 and 
between Drains 59.4 and 60.7, but there was a difference between Drains 59.6 and 
59.4.

The use of Imhoff Cone suspended-sediment concentration relation to 
determine sediment yields and discharges that are then compared between years 
would result in large error, since the prediction limits are very large. Imhoff 
Cone suspended-sediment concentration relation becomes less accurate for 
sediments having a high clay content. No Imhoff Cone relation was developed for 
Drain 61.0 because of low sediment concentrations; only a few readings were large 
enough to be reported.

Median irrigation season water temperatures determined by harmonic 
analysis in Drains 61.0 (site 1) and 59.6 (site 3) were about 1.5°C cooler than in 
the diversion water from Roza Canal at mile 59.9 (site 7). Drain 60.7 (site 2) 
median water temperatures were about 0.5°C cooler, but in Drain 59.4 (site 4) 
they were about 1.5°C warmer. The warmer water in Drain 59.4 was attributed 
to the lower base flows and higher irrigation runoff. The average median water 
temperatures in the drains for the 1979, 1980, and 1981 irrigation seasons for the 
drains were 14.3°C for Drain 61.0, 15.4°C for Drain 60.7, 14.4°C for Drain 
59.6, and 16.6°C for Drain 59.4.
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TABLE 9a.--Particle-size analysis of sediment for 12508775 Drain 61.0 (site 1)
above Drain 61.4 near Sunnyside, Wash.

STREAM-
FLOU,

INSTAN- TEMPER- 
TIME TANEOIJS ATURE

DATE

SEDI
MENT.
SUS

PENDED

SEDI
MENT.
DIS

CHARGE.
SUS

PENDED

SED.
SUSP.
FALL
DIAM.

Z FINER
THAN

SED.
SUSP.
FALL
DIAM.

Z FINER
THAN

(CFS) (DEG C) (MG/L) (T/DAY) .002 MM .004 MM

FEB . 1980 
20... 1730 2.3 .5 1000 6.2 37 56

DATE

FEB ,
20. . .

SED.
SUSP.
FALL
DIAM.

7. FINER
THAN

.008 MM

1980
74

SED.
SUSP.
FALL
DIAM.

Z FINER
THAN

.016 MM

85

SED.
SUSP.
FALL
DIAM.

Z FINER
THAN

.031 MM

90

SED.
SUSP.
FALL
DIAM.

Z FINER
THAN

.062 MM

97

SED.
SUSP.
FALL
DIAM.

Z FINER
THAN

.125 MM

99

SED.
SUSP.
FALL
DIAM.

Z FINER
THAN

.250 MM

100

SED.
SUSP.
FALL
PIAM.

Z FINER
THAN

.500 MM

--

TABLE 9b. Particle-size analysis of sediment for 12508769 Drain 60.7 (site 2)
near Sunnyside, Wash.

DATE

FEB .
19. ..
20. .. 

MAY .
21 ... 

JUN
23. ..

1980

1981

TIME

I
1410 
1610

1350

1155

STREAM- 

FLOW.
INSTAN- TEMPER- 
TANEOUS ATURE

(CFS) (DEG 0

SEDI
MENT.
SUS

PENDED
(MG/L)

8940
7960

SEDI
MENT.
DIS

CHARGE.
SUS

PENDED
(T/DAY)

118
114

SED.
SUSP.
FALL
DIAM.

Z FINER
THAN

.002 MM

27
30

SED.
SUSP.
FALL
DIAM.

% FINER
THAN

.004 MM

53
41

4.9 
5.3

1.0

1 .8

11.2 
11 .0

18.2

16.5

8940 
7960

1470

294

118 
114

4.0

1.4

27 
30

17

27

53 
41

24

40

DATE

FEB ,
19. ..
20. ..

MAY ,
21 ...

JUN
23. ..

SED.
SUSP.
FALL
DIAM.

% FINER
THAN

.008 MM

1980
60
59

1981
32

49

SED.
SUSP.
FALL
DIAM.

Z FINER
THAN

.016 MM

69
71

42

59

SED.
SUSP.
FALL
DIAM.

Z FINER
THAN

.031 MM

79
81

57

76

SED.
SUSP.
FALL
DIAM.

Z FINER
THAN

.062 MM

93
94

85

95

SED.
SUSP.
FALL
DIAM.

% FINER
THAN

.125 MM

98
98

93

99

SED.
SUSP.
FALL
DIAM.

% FINER
THAN

.250 MM

100
100

100

100

SED.
SUSP.
FALL
DIAM.

Z FINER
THAN

.500 MM

--
--

---

--
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TABLE 9c.--Particle-size analysis of sediment for 12508775 Drain 59.6 (site 3) 
below Drain 60.2 near Sunnyside, Wash.

TIME
DATE

JUN , 
01 . . . 
25. ..

FEB ,
19. , .
20. ., 

SEP
04. ..
17. .. 

JUN ,
23. .. 

JUL
10. ..

1979
1145
1150

1980
1325
1310

1415
1055

1981
1420

1110

STREAM-
FLOWf
INSTAN
TANEOUS
(CFS)

2. 1
2.6

10
11

1.9
2.1

TEMPER
ATURE
(DEG C)

17.8
18.4

1 .2
4.0

15.0
15.0

SEDI-
MENTf
SUS

PENDED
(MG/L)

638
330

30800
44000

135
666

SEDI
MENT*
DIS

CHARGE,
SUS

PENDED
(T/DAY)

3.6
2.3

832
1310

.69
3.8

SED.
SUSP.
FALL
DIAM.

7. FINER
THAN

.002 MM

6
16

13
3

20
9

SED.
SUSP,
FALL
DIAM.

7. FINER
THAN

.004 MM

11
24

23
10

21
12

1.7 

1 .8

16.7

20,1

322

844

1.5 

4. 1

26

24

32

36

DATE

JUN ,
01. ,.
25. . .

FEB ,
19. . .
20. . ,

SEP
04. ..
17. . .

JUN »
23. . .

JUL
10. . .

SED.
SUSP.
FALL
DIAM.

% FINER
THAN

.008 MM

1979
16
38

1980
30
24

24
20

1981
46

59

SED.
SUSP.
FALL
DIAM.

X FINER
THAN

.016 MM

25
50

47
46

30
47

61

76

SED,
SUSP.
FALL
DIAM.

X FINER
THAN

.031 MM

4?
62

69
61

35
56

75

93

SED.
SUSP.
FALL
DIAM.

7. FINER
THAN

.062 MM

75
82

90
94

--
95

95

99

SED.
SUSP.
FALL
DIAM.

7. FINER
THAN

.125 MM

97
96

99
99

--
98

100

100

SED.
SUSP.
FALL
DIAM.

X FINER
THAN

.250 MM

100
99

100
100

--
100

--

__.

SED.
SUSP.
FALL
DIAM.

% FINER
THAN

.500 MM

--

100

__
--

--
--

--
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TABLE 9d. Particle-size analysis of sediment for 12508779 Drain 59.4 (site 4)
near Sunnyside, Wash.

DATE

JUN »
01 ...
25. . ,

JUL
18, . ,

AUG
01 ...
16. . .

FEE ,
19. . .
20. ..

HAY
29, . .

JUL
02. . .

SEP
17. ..

APR ,
22 ...

MAY
21. ..

JUN
23. . .

JUL
10. . .
28. . .

DATE

JUN i
01 ...
25. ..

JUL
18. . .

AUG
01. ..
16. . .

FEE ,
19. . .
20. . .

MAY
29. ..

JUL
02. . .

SEP
17. ..

TIME

1979
1220
1230

1140

1130
1745

1980
1335
1420

1430

1125

1545
1981

1410

1035

1440

1250
1240

SED.
SUSP.
FALL
DIAM.

X FINER
THAN

.008 MM

1979
44
29

30

37
26

1980
47
37

21

34

93

STREAM- 

FLOU»
INSTAN
TANEOUS
(CFS)

.31

.38

.60

.94

.60

11
11

.61

1.0

.19

.08

.29

.24

.44

.44

SED. SFD.
SUSP. SUSP.
FALL FALL
niAM. DIAM.

X FINER % FINER
THAN THAN

.016 MM .031 MM

54 67
42 58

48 66

46 57
27 32

60 84
58 77

34 49

52 76

98 98

TEMPER
ATURE
(DEC C)

22.4
24.5

24.2

21.3
22.2

--

2.3

22.5

19.0

19.4

17.6

18.0

23.0

21.0
25.3

SED.
SUSP.
FALL
DIAM.

X FINER
THAN

.062 MM

97
92

94

86
61

97
--

74

94

--

SEDI- 

MENTr
SUS

PENDED
(MG/L)

536
3410

4540

2020
2250

18300
33500

996

1760

2810

17000

1770

210

2470
2940

SED.
SUSP.
FALL
DIAM.

% FINER
THAN

,125 MM

100
99

99

99
93

99
--

91

99

__

SEDI- 
MENT» 
DIS 

CHARGE*
SUS

PENDED
(T/DAY)

.45
3.5

7.4

5. 1
3,6

544
995

1.6

4.8

1 .4

3.7

1.4

.14

2.9
3.5

SED.
SUSP.
FALL
DIAM.

% FINER
THAN

.250 MM

--

100

100

100
99

100
__

100

100

__

SFD. 
SUSP. 
FALL 
DIAM.

7. FINER
THAN

.002 MM

31
12

12

20
16

12
13

7

14

63

11

1

37

21
18

SED.
SUSP.
FALL
DIAM.

% FINER
THAN

.500 MM

--
--

__

-_

100

-_
_-

__

__

__

SED. 
SUSP. 
FALL 
DIAM.

7. FINER
THAN

.004 MM

37
20

19

30
"> -i

29
22

13

?1

80

14

12

43

33
28

APR , 1981
2^ ...

MAY
21 ...

JUN
23. . .

JUL
10. . .
28. . .

20

14

52

46
43

32 56

21 38

66 79

66 83
62 79

92

91

98

97
98

98

97

100

100
100

99

100

__

_._
__

100

-_

__

--
--

91
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TABLE 12.--Analyses of miscellaneous suspended-sediment samples for sites in Drains 61.0, 50.7, 59.6,
and 59.4 near Sunnyside, Wash.

[E = estimated; A = less than 0.005 tons]

12508776

12508778

DATE

- PRAIN

MAY »
03. , ,

JUN
14, . .
26. . .

JUL
05. . .
18. . .

AUG
01 ...
16. . .

APR ,
23. ..

JUN
25. ..

JUL
02. ..

AUG
21. ..

SEP
17. . .

APR »
22 .

JUN
23. . .

JUL
29. . .

AUG
18. . .

SEP
10. . .

- DRAIN

JUN ,
14. . .
26. . .

JUL
05. . .
18. . .

AUG
01 ...
16. . .

MAY ,
07. ..

JUN
25. ..

JUL
15. . .

AUG
08, ..
21 ...

JUN ,
23. ..

JUL
29. . .

AUG
18. . .

SEP
10. . .

TIME

59.4 AT SLI

1979
1450

1010
0745

1520
1315

1425
1155

1980
1400

0825

1640

1200

1320
1981

1.600

1515

1630

1215

1625

59.4 TRIB AT

1979
1450
0745

1520
1315

1425
1155

1980
1425

0835

1050

0952
1145

1981
1517

1625

1220

1630

TYPE

RD.

0

0
0

0
0

0
0

0

0

0

0

0

0

0

0

0

0

SLI

0
0

0
0

0
0

0

0

0

0
0

0

0

0

0

TEMPER
ATURE
(DEG C)

SITE

NR SUNNYSIDE

17.5

_._
16.8

?5.8

21 .0
__

17.7

16.?

16.0

20.8

15.6

 

20,2

25.0

25.4

22 . 0

STRFAM- 

FLOW,
INSTAN
TANEOUS
(CFS)

11

, WASH.

.00

.15

.02

.01

.03

.10

.01

E.02

E.02

E.02

.06

, 21

E.02

E, 10

E.02

E.70

E.10

SEDI 

MENT,
SUS
PENDED
(MG/L)

(LAT 46 21

132

29500
36

21
803

1740
74

1080

66

745

74

41400

E10

457

76

3770

612

RD. NR SUK'NYSIDE, WASH. (LAT

SITE

--
--

--
--

--
--

16.8

15.0

18.0

17.8
15.0

21 .8

20.1

19.4

20.6

12

.30

.05

.03

.14

.30

.05

E.02

.13

E.26

E.02
E.02

E. 15

E.10

E.01

E.03

1340
107

21
2670

8140
74

212

11600

499

12
394

R860

11

2

2

SEDI 
MENT, 
DIS 

CHARGE,
SUS

PENDED
(T/DAY)

40 LONG 119 57 23 >

.OOA

12
.OOA

.OOA

.07

.47

.00<\

E.06

E.OOA

E.04

.01

23

E.noA

E.12

E.OOA

E7.1

E.17

46 21 40 LONG 119 57 07)

1.1
.01

.00 A
1.0

6.6
.OOA

E.ni
4.1

E.35

E.OOA
.02

E3.6

E.OOA

E.QOA

E.OOA

128



TABLE 12. Continued

12508771

TIME TYPE
DATE

MAY f
31. . 

JUN
26. . 

JUL
05. .
18. . 

AUG
01 . .
16. .
30. . 

SEP
11. .
28. . 

APR »
23. . 

MAY
07. .
28. . 

JUN
11. .
25. . 

JUL
02. .
15. .
24. . 

AUG
08. .
21. . 

SEP
03. .
17. . 

OCT
09. . 

APR »
22. . 

JUN
23. . 

JUL
29. . 

AUG
18. . 

SEP
10. .

1979

1980

1981

1600

0800

1530
1350

1435
1135
1415

1750 
1045 

) 
1415

1435
1540

1335
0910

1655
1105
1515

1000
1125

1110
1325

1320

1615

1530

1620

1230

1635

SEDI 
MENT, 

STREAM- SEDI- DIS- 
FLOW» MENT» CHARGE. 

TEMPER- INSTAN- SUS- SUS- 
ATURE TANEOUS PENDED PENM D 
(DEG C) (CFS) (MG/L) (T/DAY)

SITE 14

NR SUNNYSIDE

--

17.4

21.9 
22.2

19.8 
15.2 
15.6

14.0

17.0

22.4 
19.4

18.4 
14.6

21.0 
19.4 
23.4

15.9 
16.8

14.4 
16.2

15.5

14.2

17.1

21.1

22.6

18.2

* WASH.

.50

1.4

1 .0 
.68

.54 

.30 

.28

.14 

.10

E.02

.27 

.34

.10 

.59

.41 
1.1 
.73

.31 

.85

.56 

.28

.96

E.07

E.30

E.30

E.07

E.05

(LAT 46

1030

472

72 
13500

44 
851 
13

2 
2

38

1560 
209

52 
E2000

122 
149 
144

53 
626

2310 
125

1380

46

4220

944

287

19

21 40 LC

1 .4

1 .8

.19 
25

.06 
,69 
.OOA

.OOA 
  OOA

E.OOA

1.1 
.19

.01 
E3.2

.23 

.44 

.28

.04 
1 .4

3,5 
.09

3.6

E.01

E3.4

E.76

E.05

E.OOA

129



TABLE 12. Continued

srni-
MFNT ,

CTRFAM- SFIU- D1S-
FLOU, MENTf CHARGE»

TEMPER- INSTAN- BUS- SUS-
TIME TYFE ATLIRE TANEOUS FENDED RED, . H

DATE (DEG C) (CFS) (HG/L) (T/HAY)

SITE 15

,08772 - DRAIN 60.2 AT SLI RD, NR SUNNYSIDEf WASH. (LAT 46 21 40 LONG 119 56 29)

MAY f 1979
31... 1555 0 16.5 .10 48 .01 

JUN
26... 0820 0 19.4 .06 10 . OOA 

JUL
05... 1540 0 26.2 .06 13 .OOA
18... 1405 0 29.0 .26 339 .24 

JUL f 3980
24... 1530 0 26.6 E.15 28 E.01 

AUG
08... 1030 0 18.4 ,14 155 .06
21... 1110 0 18.2 E.05 17 E.OOA 

JUN » 1981
23... 1540 0 25.9 E.04 48 E.01 

JUL
29... 1615 0 26.8 E.05 27 E.OOA 

AUG
18... 1235 0 25.7 E.05 191 E.03

130



TABLE 12.--Continued

12508766

TIME TYPE
DATE

JUN »
14. .
26. . 

JUL
05. .
18. . 

AUB
01. .
16. .
30. . 

MAY »
07. .
28. . 

JUN
11 ..
25. . 

JUL
02. . .
15. . .
24. . 

AUG
08. . < 

SEP
17, ., 

OCT
09. . , 

APR t
22 .. 

JUN
23... 
JUL
29 .. 

AUG
18. . . 

SEP
10. .

1979

1980

1981

0950
0830

1550
1420

1440 
1100 
1445 

I
1455 
1555

1345
0935

1720
1150
1535

1040

1335

1245

1625

1550

1605

1240

1645

SEDI 
MENT* 

STREAM- SEDI- D1S- 
FLOW» MENT» CHARGE* 

TEMPER- INSTAN- SUS- SUS- 
ATURE TANEOUS PENDED F'ENHED 
(DEG C) (CFS) (MG/L) (T/DAY)

SITE 16

NR SUNNYSIDE»

19

33

22 
28

23 
24

19 
15

26 
19 
28

18

21

13

18

25

26

22

.0

.0

.8 

.2

t 2 
.0 E

.0 E 

.8 E

.0 E 

.8 E 

.0 E

.2 E

.0

.6

_ _ C"

.5 E

.3 E

.4 E

.2 E

WASH.

.30 

.60

.02 

.19

.02 

.37 

.65

.32 

.40

.10 

.60

.05 

.62 

.06

.02

.23

.44

.10

.08

.50

.05

.07

(LAT 46

7560 
563

126 
451

50 
100 
100

55 
195

181 
31

277 
26 

160

380

768

69

49

1980

4420

950

419

21 40 Li

6.1 
.91

.OOA 

.23

.OOA 

.10 

.18

.05
E .21

E .05 
E .05

E .04 
E .04 
E .03

E .02

.40

.08

E .01

E .43

E6.0

E .13

E .08

12508770 - DRAIN 59.6 AT SLI RD,

SITE 13
NR SUNNYSIDEr WASH. (LAT 46 21 40 LONG 119 56 55)

JUN » 1979
14. .. 

JUL
18. . .

1005

1340 32.8

.10 

.01

272

28400

.07 

.77
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TABLE 12.--Continued

12508765

TIME TYPE
DATE

MAY » 1979
31. .. 

JUN
14. ..
26. . . 

JUL
05. . .
IB. . . 

AUG
01 ...
16. . .
30. . . 

MAY i 1980
07. . ,

1545

0945
0900

1600
1440

1450
1030
1450

JUN
11. .
25. . 

JUL
02. .
15. .
24. . 

AUG
OB. .
21. . 

SEP
03. .
17. . 

OCT
09. . 

APR »
22«» 

JUN
23. . 

JUL
29. . 

AUG
18. . 

SEP
10. .

1981

1515
1600

1355
0950

1720
1200
1545

1050
1055

1050
1345

1235

1630

1555

1555

1245

1650

0
0

0
0

0
0
0

0
0

0
0

0
0
0

0
0

0
0

0

0

0

0

0

0

TEMPER 
ATURE 
(KEG 0

SITE

STREAM- 

FLOW* 
INSTAN 
TANEOUS 
(CFS)

17

NR SUNNYSIDE» WASH.

18.5

21.2

28.4 
29.6

25.2 
20.6

20.7 
25.0

22.0 
21.8

21 .8 
22 . 8 
26.0

18.6 
18.8

16.6 
24.0

14.7

17.0

24.0

24.9

25.7

25.5

.80

.50 

.73

.37 

.29

.88 

.45 

.60

E.10 
.44

E.10 
,41

E.50 
.48 

E.05

.05 

.06

.06 

.07

E.03

E.05

E.35

E.42

E.06

E.08

SEDI 
MENT* 
SUS 
PENDED 
(MG/L)

(LAT 46

2800

2660 
52900

9920 
5950

974 
955 
39

4770 
3160

815 
302

305 
37 
20

4 
0

1 
528

15

1130

66900

2670

131

5660

SEDI 
MENT* 
DIS 

CHARGE » 
SUS 

PENDED 
(T/DAY)

21 40 I

6.0

3.6 
104

9.9 
4.7

2.3 
1 .2 
.06

El. 3 
3.8

E.2? 
.33

E.41 
.05

E .OOA

.OOA 

.OOA

.00^ 

.10

E.nnA

F.15

E63

E3.0

E.nz

El. 2
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TABLE 12. Continued

TIME TYPE
DATE

12508753

JUN , 1979
26. . . 

JUL
05. . .
18. , . 

AUG
01. ..
16. . .
30. . . 

SEP
11. .. 

APR » 1980
23. .. 

MAY
07. . .
28. .. 

JUN
11 ...
25. . . 

JUL
02. . .
15. . .
24. .. 

AUG
08. , .
21. .. 

SEP
03. . .
17. .. 

OCT
09. .. 

APR » 1981
22. . . 

JUN
23. . . 

JUL
29. .. 

AUG
18. . . 

SEP
10. . .

0850

1605
1500

1455
1015
1525

1730

1430

1525
1615

1400
1015

1730
1220
1550

1110
1040

1030
1350

1210

1635

1610

1550

1250

1655

SEDI 
MENT F 

STREAM- SEDI- DIS- 
FLOW» MENT» CHARGI , 

TEMPER- INSTAN- SUS- SUS- 
A1URE TANEOUS PENDED PFNDED 
(DEC C) (CFS) <MG/L) (T/DAY)

SITE 18

NR SUNNYSIPEf

17.2

22.4 
22.4 1

21.4

 

16.2

17.2 E 
18.8 E

19.4 E 
16.0

21,0 
18.8 
19.6

15.0 
14.0

12.6 
15.0

11.0

15.0 E

18.4 E

20.9 E

19.3 E

17.9 E

WASH.

.34

,31 
.4

.30 

.37 

.15

.01

.20

.70 

. 10

.10 
,29

.16 

.28 

.14

.16 

.02

.29 

.08

.19

.30

.40

.24

.80

.08

(LAT 46

152

1780 
595

197 
194 
29

20

9

10 
19

967
18

11 
12 
4

1 
2

6 
4

5

9

51

628

17

34

21 40 L

,14

1 ,5 
2,2

. 16 

. 19 

.01

.OOA

.00 A

E.02 
E.01

E.26 
.01

.OOA 

.OOA 
,00 A

.OOA 

.OOA

.OOA 

.OOA

.OOA

E.01

E.06

E.41

E.04

E.01
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TABLE 12. Continued

TIME TYPE
DATE

JUN , 1979
02. ..
14. . .
25, .. 

JUL
05. ..
18. . , 

AUG
01 ...
16. . .
30. . . 

SEP
11. ..
28. .. 

OCT
18. . .
24. ,. 

NQV
28. .. 

DLC
13. . . 

FEB » 1980
20. ..
21 ... 

MAR- 

18. . . 
APR- 

23. .. 
MAY
07. ..
28. . . 

JUN
11 ...
25. .. 

JUL
02. ..
15. ..
23. .. 

AUG
08. . .
21 ... 

SEP
03. . .
17. .. 

OCT
09. .. 

APR » 1981
Tl

1310
1410
1445

1045
1015

0830
1435
1045

1150
1245

1300
1335

1220

1255

1746
1430

1530

1520

1325
1350

1140
1440

1230
1400
1147

1730
1450

1540
1405

1645

MAY
21 . . 

JUL
10. .
29. . 

AUG
18. . 

SEP
10. .

1315

1440

1440
1110

0930

1600

TEMPER 
ATURE 
(DEG C)

SITE

STREAM- 

FLOWr 
INSTAN 
TANEOUS 
(CFS)

19

SUNNYSIDEr UA (LAT

26.4 

16.6

20.6 
22.4

18.2 
24.6 
19.4

13.7 
13.7

--

4.8

--

8.8

?3.4

20.5 
21.0

17.0 
19.2

22.2 
21.8 
22.4

21.0 
19.4

17.0 
18.4

14.2

15.2

22.4

22.0 
19.9

18.8

21 .8

1.2 
1.3 
.73

.56 

.88

1.1 
1.0 
1.3

.07 

.06

.07
E .10

E .10

E .10

.10

E.05

E.01

.64 

.91

El.l 
.71

1.1 
El. 2 

.37

.23 

.15

.25 

.18

.74

.30

.72

E.50 
E.60

El.O

.92

SEDI- 

MFNTr 
SUS 
PENDED 
(MG/L)

46 21

4170 
6220 
1110

2730 
7880

1640 
938 
804

19 
4

256 
55

51

3

8060 
30

44

16

585 
157

74 
364

2410 
1840 
444

275 
121

44 
60

50

80

297

4560 
1880

300

283

SEDI- 
MENTr 
DIS- 

CHARG1 r 
SUS 

PENDED 
(T/DAY)

15 LONG 1

14 
22 
2 . 2

4. 1 
19

4.9 
2.7 
2.8

.00 A 

.OOA

.05
E.01

E.01

E.OOA

.OOA

E.01

E.OOA

1.0 
.39

E.22 
,70

7.2
E6.0 

.44

.17

.05

.03 

.03

.10

.06

.58

E6.2 
E3.0

E.81

.70
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TABLE 12. --Continued

TEMPER
ATURE
(PER C)

STRFAM-
FLOU»

INSTAN
TANEOUS
(CFS)

SEDI-
MFNT»
SUS
PENDED
(MG/L)

SEDI
MENT ,
DIS

CHARGE*
SUG -

PFNDED
(T/DAY)

TIMF TYPE 
DATF

SITE 20

462115119563302 - DRAIN 60.7 TRIB AB SED POND NR SUNNYSIDFf UA (LAT 46 21 15 LONG 119 56 33)

JUN ,

25. ..
JUL

0 2 ...
2 3 ...

SEP
17. ..

APR ,
2 2 i . .

JUL
10. ..

AUG
18. ..

1980

1445

1235
1155

1410
1981

1320

1443

0933

0

0
0

0

0

0

0

16.4

18.7
17.8

18.4

15.0

26.0

20.5

.31

.18
E.04

E.02

.50

E.10

E.50

68

17
11

22

35

7

9

.06

.00 >

E.OOA

E . OOA

.05

E.OOA

E.01

SITE 24
462202119552401 - DRAIN 61.0 ABOVE ROZA CANAL NR SUNNYSIDE» UA (LAT 46 22 0? LONG 119 55 24)

FEB , 1980
19... 1710 0 .2 3.8 2330 24
20... 0900 0 -- E.50 131 E.18 
20... 1805 0 -- E6.0 6060 E98

SITE 23
462205119554201 - DRAIN 60.7 ABOVE ROZA CANAL NR SUNNYSIDE» WA (LAT 46 22 05 LONG 119 55 42)

FFP » 1980
19... 1725 0 .1 .43 965 1.1
20... 1815 0 -- E.80 2540 £5.5
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TABLE 12.--Continued

DATE
TIME

462114119563501 - DRAIN 60.7 Bl

J LI N >

02. ..
14. ..
25   .  

JUL
05. ..
18. ..

AUG
01 ...
16. ..
30. ..

SEP
11 ...
28. ..

OCT
18. . .
24. ..

NOV
28. ..

DEC
13. ..

FEB ,
20. ..
21 ...

MAR
13. ..

APR
2 3 ...

MAY
07. .,
28. . .

JUN
11 ...
25. ..

JUL
02. ..
15. . .
23. ..

AUG
08. ..

SEP
03. ..
17. ..

OCT
09. , .

APR ,
"> -> >

JUL
10. .,
29. ..

AUG
18. ..

SEP
10. . .

1979

1310
1415
1510

1140
1020

0840
1515
1105

1200
1240

1305
1345

1230

1300
1980

1745
1435

1535

155b

1330
1345

1145
1450

1300
1415
1145

1755

1525
1410

1650
1981

1310

1450
1115

0940

1615

TYPF.

SED POND

0
0
0

0
0

0
0
0

0
0

0
0

0

0

0
0

0

0

0
0

0
0

0
0
0

0

0
0

0

0

0
0

0

0

TEMPER
ATURE

(FiEfi C)

SITE

STREAM- 

FLOW?
INSTAN
TANEOUS
<CFS)

21

NR SUNNYSIDF. WA (LAT

22.0

17.0

19.0
21.2

18.4
24.0
IV. 6

15.4
16.5

--
--

2.2

8.4

--
--

9.4

15.0

19.4
19.0

16.6
18.2

21 .0
r>*> , *>

22 . 0

23.0

17.2
19.5

13.8

14,2

28.0
20.0

19.6

21 .0

1 .2
.71
.44

.37

.80

.81

.60

.69

.07

.05

.07
E.10

E.10

E. 10

--

E.10

E.02

.01

.04

.28

E.90
1.0

El.l
.84

E.41

E.20

E.02
E.20

E.10

E.80

E.03
E.60

El. 5

E.10

PEDI 

MENT,
SUS

PENDED
(Mfi/L)

46 21

2350
713
249

324
371

168
158
129

11
9

100
10

27

14

6760
149

33

19

277
101

61
81

291
76

126

44

5
66

17

100

360
297

1010

136

SEDI 
MENT, 
DIS 

CHARGE*
sus-

FTNDED
(T/DAY1

14 LONG 119 56 35)

7.6
1 .4
.30

.32

.80

.37

.26

.24

.OOA

.OOA

.02
E.OOA

E.01

E.OOA

--
E.04

.OOA

.OOA

.03

.08

. 15
22

E.86
. 17
E.14

E.02

E . OOA
E.04

E.OOA

£.22

E.03
E.43

E4.1

E.04

136
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